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Description 

Tha present invention relates to a panel-reinforcing sheet material and a vehicle outer panel structure using the 
sheet material. More particularly, the present invention rotates to a panel-reinforcing sheet material of good workability 

5 which has excellent adhesion to oily surfaces, which gives rise to blowing and hardening when heated, to give a rein- 
forcing foamed sheet having good heat resistance, heat insulation, reinforcing action and lightwelghtness, sand which 
is suitably used far reinforcement of metal panels before etectrodeposilion, In particular, as weD as to a vehicle outer 
pane! structure which is reinforced by the above sheet material and which has excellent heat insulation, excellent rigjr> 
ity and lightweightness. 

10 Metal panels have heretofore been used as structures widely in various fields such as automobiles, buildings, fur- 
nitures, etc. These metal panels have characteristics of excellent strength and excellent durability but have drawbacks 
of high specific gravity, high thermal conductivity (i.e. poor heat insulation), etc. 

Meanwhile, in recent years, use of thinner panels has been pushed forward for lighter weight. In vehicles, budding 
materials, etc.. in view of resource saving and energy saving. This results in reduced strength, which invites. In the case 
is of, for example, automobiles, insufficient surface tensionai rigidity and insufficient solid appearance. 

In order to solve these problems, there was proposed a method which comprises attaching, for example, a sheet 
composed mainly of an epoxy resin, to part of a door panel and then hardening the attached sheet in a paint drying fur- 
nace used in automobile production, to obtain a reinforced door panel fJP-A-1 01659/1980]. This method, however, has 
a drawback in that the attaching of the sheet to pad of the door panel gives no sufficient reinforcing effect but the attach- 
es ing to the whole surface tails to achieve the object of fighter weight. 

Also in automobiles, building materials, etc., it is under way as a method for preventing the Inflow or outflow of heat 
from or to outside, to apply to the back side of a panel a heat-insulaifng material such as glass wool, felt, foamed ure- 
thane or the like. This method is effective for higher air-conditoning effect or prevention of dew condensation, but has 
a problem in that the heat-insulating material used is a shaped article and large, requiring a long time for fixation of the 

6 material. 

In order to solve these problems, there were proposed various processes for producing a vehicle outer panel struc- 
ture having all of fightweightness, heat insulation and high strength. There were proposed, for example, (1) a process 
which comprises, for giving high rigidity to obtain solid appearance, attaching to the back side of a panel a pla&Usol 
obtained by adding a liquid epoxy resin and a heat-activation type hardener to a composition comprising a vinyl chloride 
so resin for paste, a plasfictsar, a blowing agent, etc. by coating or in the form of a semf^aled sheet and then heating the 
resulting panel to allow the plastied to give rice to blowing and hardening fJP-A-28475/1988], and (2) an process which 
comprises attaching to the backside of a panel sheet material having a three-layered structure consisting of a first layer 
which Is a foamable composition comprising, as essential components, a vinyl chloride resin, a ptestlclzBr, a high-tem- 
perature<tecomposition type blowing agent, an epoxy resin and a hea^axtfvation type hardener for epoxy resin, a seo- 
36 ond layer which is a cloth, and a third layer which is a thin metal tarn, and then heating the resulting panel to altow the 
sheet material to give resin to blowing and hardening fuS-A-4 830 908, JP-A-2725 15H988J. 

In these processes, however, the plaebsol or the foamable composition contains a vinyl chloride resin as a thermo- 
plastic resin, and therefore has poor adhesion to oiiy surfaces and, when heated to & ve rise to Wowing and hardening, 
gives a sheet of poor heat resistance. Hence, the processes are applicable to vehicle outer panels after elBctrodepoai- 
40 tlon but unappnca&Je to vehicle cuter panels before electrodeposition. 

In the automobile industry, attaching of reinforcing sheet material to vehicle outer panel before electrodeposHfon is 
strongly desr ed tor higher productivity or for use of such a reinforcing sheet material to as many applications as possi- 
ble. The reinforcing sheet material to be attached to vehicle outer panels before eie^ffliodepositFan is desired to have 
excellent adhesion to oily surfaces (vehicle outer panels are ordinarily coated with a rust preventive oil, before subjected 
45 to Blectrodeposition) and heat resistance capable of withstanding temperatures of 180 P C or above (temperatures 
employed during dectrodsposition). 

US-A-4 430 166 describes a process for producing a structural laminate comprising the steps of providing a com* 
posite article comprising a facing sheet adhered to a thin, substantially incompressible yet expansible mat of tong. lay- 
ered glass f bers, applying a foam-forming mixture to the glass fibers, positioning a second composite article or a facing 
so eheet over tha applied foe/rvfoming mixture, passing the facing sheets having the mat and the foam-forming mixture 
therebetween through the nip of two rotating rolls, and foaming the foam-forming mixture. 

It is an object of the present invention to provide a panel-reinforcing sheet material of good workability which has 
excellent adhesion K) oBy surfaces, which gives rise to blowing and hardening when heated, to give a reinforcing 
foamed sheet having good heat resistance, heat insulation, reinforcing action end Bght-weightness. and which is curta- 
55 biy used for reinforcement of metal panels before elearodeposition, in particular. 

Another object of the present invention is to provide a vehicle outer panel structure which is reinforced by the above 
sheet material and which has excellent heat insulation, excellent rigidity and lightweightness. 

The present inventors made study end found that tha above objects can be achieved by a panel-reinforcing sheet 
material having a mufti-layered structure consisting of a lirst layer which is a foamable composition of specific formula- 



2 

PAGE 10/51 s RCVD AT 4/10/2008 4:33:43 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/5 1 DN1S:2738300 S CSID:248 594 0610 * DURATION (mm-ss):13-10 



04/10/2006 16:39 248-594-0610 



RADER, FISHMAN 



PAGE 11/51 



EP 0 518 253 B1 

tion, a second layer which is a f iber-made doth and. optionally, a third layer which is a thin metal film of specific thickr 
ness. and also by a vehicle outer panel structure which is produced by attaching the above paneJ-reiriforcing sheet 
material to the back side of a vehicle outer panel so that the first layer of the sheet material contacts with the back side 
and then heating the resulting structure to allow the sheet material to give rise to blowing and hardening. 

a According to the present invention, there is provided a paneUeinforcing sheet material having a two-layered struc- 
ture consisting of a first layer and a second layer, 1Mb fist layer consisting of a foamaWe composition comprising, as 
essential components, (A) an epOxy resin. (B) at least one substance selected from a butediene-acryfonHrile rubber or 
a modified ixitacfiene-acryionitrile rubber insoluble In the epoxy resin at room temperature but miscible with the epoxy 
resin m temperatures of 80 to 150°g to form a dispersion and a halogen-free powdery thermoplastic resin of 150 jim or 

w less in average particle diameter insoluble in the epoxy resin at room temperature but miscible with the epoxy r$ein at 
temperatures of 80 to 150*C to form a dispersion, (C) a pfastrdzer, (D) a highHemp^ture^ecorr^osition type blowing 
agent and (E) a heat-activation type hardener for epoxy resin, the component (A)/component (B) weight ratio being 0.2 
to 5 0, and the second layer consisting of a fiber-made cloth. 

The present invention further provides a vehicle outer panel structure which Is produced by attaching the above 

15 paneJ-reinforo" ng sheet material to the back side of a vehicle outer panel so that the first layer of the sheet material con- 
tacts with the back side and then heating the resulting structure to allow the sheet material to give rise to blowing and 
hardening. 

The present invention is hereinafter described in detail. 

In the panel-reinforcing sheet material of the present Invention, the foamable composition used as ttia first layer of 
so the sheet material comprises an epoxy resin as the component (A). This epoxy resin has at least one epoxy group in 
the molecule. As such an epoxy resin, there can be mentioned, for example, giyddyf ether type epoxy resins, eg., dig- 
lycidyi ether or bisphenc-j A, bischenol P, resorcln or hydrogenated bispheno! A and potyglycidyl ether of phenol novolac 
resin or cresol novolac resin: glycidyl ester type epoxy resins. e.g. t glycWyl ester of phthalic acid, hepahydraphthaJic 
acid or tetrehydraprrthalic add; glycklytamine type epoxy resins; and linear aliphatic epoxide type epoxy resins. These 
25 epoxy resins can be used alone or in combination of two or more, depending i^on the desired properties of the foam- 
able composition. 

In the foamable composition, there is used, as the component (B), a butadiene-acrylonrtrne rubber or a carbqxyl- 
or epcxy-modrfTed butadiene-acryionitrile rubber insoluble in the component (A) {epoxy resin} at room temperature but 
mtscible with the epoxy resin at t e^eratures of 80-1 50°C to form a dispersion and/or a halogen-free themopiastic resin 

so insoluble in the component (A) (epoxy resin) at room temperature but miscible with the epoxy resin at temperatures of 
80-150 0 C to form a dispersion. In this case, the rubber elastomer can be a solid or a viscous liquid, while the thermo- 
plastic resin must be in the form of a powder having an average particle diameter of 1 50 pm or less. It is preferable that 
the rubber elastomer and/or the thermoplastic resin, when the foamable composation is healed to 150°C or above and 
melted, can uniformly and stably mix with the component (A) (epoxy resin) and can allow the composition to maintain 

as a stable mad viscosity. Examples for the modified butadiene^acTylonitrile rubber are carboxyi-modifTed butadiene-aery- 
lortftrile rubber and epqxy-modified butadiene-acrytonrtrfle rubber. Examples far the thermoplastic resin are ethyl en e- 
vinyl acetate copolymer, polyphenylene ether, ethyiene-vinyi alcohol copolymer, acrylonrtrfle-styrene copolymer, poiya- 
mide, pofyvmyl butyraJ, polyvinyl acetal, poly(meth)acrvfate type resins [eg. palymethyl (metnjacrylatej, acrylonltrae- 
butaolene-styrene copolymer, methyl methaaylate-butadiens-styrene copolymer and polystyrene. These elastomers 

40 and resins can be used alone or In combination of two or mora Of them. poly(meth}acrylate type resins are particularly 
preferable; 

The compounding proportion of the component (A) (epoxy resin) and the component (B) (rubber elastomer and/or 
thermoplastic resin) must be cornponant (A) /component (B) weight ratio = 0.2 to 5.0. preferably 0.4 to 4.0. When the 
weight ratio is smaner than 0.2, It is difficult to obtain a nam teamed material. When the weight ratio is larger than 5. the 
45 amount of heat generation during hardening reaction is large, which invites decomposition of the component (B) and 
hinders expansion caused by the decomposition gas generated from the blowing agent making rt difficult to obtain a 
foamed material of high expansion ratio. 

In the foamable composition, the plasticlzer used as the component (C) has an acton of allowing the component 
(B) (rubber elastomer anoVbr thermoplastic resin) to stably mix with the cornponent (A) (epoxy resin) to form a disper- 
se sion, and also has a role of controlling the moft viscosity of the foarnaWe composition. As the plasticizdr, there can be 
mentioned those conventionally known, for example, phthalic add esters euch as dioctyl ptthalate, dbutyl phthaJate 
and the like; phosphoric add esters such as trfcresyl phosphate and the like; fatty acid esters such as oSoctyl adipate, 
dioctyl sebacate and the like; polyesters such as ethylene gjycoi/adipic acid condensate and the like; trirneHftic add tri- 
esters such as frtoctyl trimeflrtate and the lite; chlorinated paraffin; elkyfeemenese; and high- molecular aromatfcs. 
ss These plasticlzers can be used alone or in combination of two or more. 

The amount of the plastfcizBr used has no particular restriction but is ordinarily selected in the range of 10-150 
parts by weight per 100 parts by weight of the component (B). When the amount is less than 10 parts by weight no 
sufficient expansion ratio can be obtained. Whan the amount b more than 1 50 parts by weight, the resulting reinforcing 
sheet when heated, gives low hardness and fails to exhibit sufficient reinforcing effect. 
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In the foamable composition, as the hlgh-tempareture-decompoBWon typa blowing agent used as the component 
(D), there can be used an organic blowing agent an inorganic blowing agent, high-ternperature-«xpansion type micro- 
caps J etc. As the organic Wowing agent, there can be mentioned, for example, azodicarbonamlde, p-toluenesulfonyl 
hydra* ide, dinitrosoperrtamethyleneteframine, and 4,4*-0xybisbenzenesurfonyI hydrazide. The decomposition tempera- 

5 tures of these organic blowing agents can be desirably controlled by the addition of urea, zinc compound, lead com- 
pound or the like- Ad the inorganic blowing agent, there can be mentioned, for example, sodium hydrogencarbonate and 
sodium borohydride. As the high-ternperature-expansion type microcapsules, there can be mentioned, far example, 
those obtained by encapsulating a low*boilIng hydrocarbon In a vlnylldene chloride resin. 

In the present invention, any of the organic blowing agent, the inorganic blowing agent, the hfgh-temperaturer 

10 expansion type microcapsules, etc. can be used. However, an organic blowing agent having a decomposition temper- 
ature of 100*0 or above Is particularly preferably in view of the appearance of foamed material, the homogeneity and 
densenese of foam ceils, etc. With a blowing agent raving a decomposition temperature lower than 100°C, it is difficult 
to obtain a foamed material of homogeneous quality because blowing starts already at the time of sheeting or because 
the re6in melts insuffirientfy during blowing in the heating furnace and this invites gas leakage and insufficient expan- 

is sion ratio. 

The amount of the blowing agent used is ordinarily selected in the range of 0.5-1 5 parts by weight per 1 00 parts by 
weight of the component (B). When the amount is less than 0.5 part by weight, blowing fs insufficient, when the amount 
is more than 15 parts by weight, degree of blowing is not Increased in proportion to the increase in said amount and 
such an amount is uneconomical. 

A) In the foamable composition, as the heat-activation type hardener far epoxy resin, used as the component (E). 
there can be ordinary used hardeners which exhibit a hardening action when heated. There is preferred a hardener 
capable of generating heat in combination with the epoxy resin to give a peak temperature of 1 0O-2Q0»C. As such a 
hardener, there can be mentioned, for example, dicyandiamide. 4,4'-diarninodiohenyisuffDna mdazole derivatives 
such as 2-n-hBptadecyf imidazole end the Oka, isophthaRc acid d hydrazine, N.N-dalkyiurea derivatives, N.hkJialkylth- 

ss rourea derivatives, add anhydrides such as tetmhydrophthalic anhydride and the like, ieophoronadiarrfne, m-phenylBn- 
edramine, N-aminoethyipiperazlne, boron trffluoride complex compounds and trisdimethyi^lnomethyiphenol. 

These hardeners can be used alone or In combination of two or more. The amount of the hardener used is ordinar- 
ily selected in the range of 1 -20 parts by weight per 100 parts by weight of the component (A) (epoxy resin). When the 
amount is less than 1 part by weight, hardening is insufficient and the resulting foamed material has insufficient regidrry. 

30 When the amount Is more than 20 parte by weight, the rigidity of the foamed materia) fe not increased In proportion to 
the increase in the amount and such an amount Is uneconomical. 

The hardening temperature referred to herein indicates a temperature of a heating medium when a mixture of an 
epoxy resin and a hardener (their mixing is made at room temperature) is subjected to temperature elevation using an 
oil bath, a heater or the like, thereby is hardened, generates a heat, and reaches a peak temperature. The preferable 

as epoxy refiirVhardener combination and amounts thereof selected so as to meet the heating oonditiona. can be easily 
determined in advance by conducting a preliminary test. 

In the present invention, there can be used, as necessary, together with the oomponent (E) (hardener), a hardening 
acceJenator such as alcohol type, phenol type, mercaptan type, cSmethylurea type, alicydic type, imidazole, monuron, 
cWorotoluene or the Bke. 

40 The foamable composition can contain, as necessary, besides the above essential components, a filler (e.g. cal- 
cium carbonate, talc, clay), a heat stabilizer. a foam modulator, a coloring agent etc Ordinarily, the filler Is added in an 
amount of 0-200 parts by weight per 100 parts by weight of the component (B); the heat stabilizer in amount of 0-10 
parts by weight and the foam modulator in an amount of 0-10 parts by weight When the amount of the filler Is more 
than 200 parts by weight, the fineness of foam is tost and the expansion ratio is low. When the amounts of the heat sta* 

45 biiizer and the foam modUator are each more than 10 parts by weight, there is obtained no further increase In effect 
due to increase hi amount. 

The foamable composition can be prepared by kneading required amounts Of a component (A), a component (B), 
a component (C), a component (D), a component (E) and. as necessary various adtf fives using a known kneader such 
as planetary mixer, kneader, rolls, Henschef mixer or the like. 

so The parrel-reinforcing sheet materia) of the present Invention Includes a sheet material having a two-layered struc- 
ture consisting of a first layer which la the above-prepared foamable composition and a second layer which is a f bar- 
made cloth, and a sheet material having a three-layered structure consisting of the same first layer, the same second 
layer and a third layer which is a thin metal film of 50 urn or less in thickness. 

The fiber-made doth used as the second layer has no particular restriction, and there can be used any of, for exam- 

& pie, an organic or inorganio ibBr-made fabric and a net-like, doth-llkse, film-liks or mat-like material obtained by bonding 
short fbers with a binder. A material which is resistant in the heating step, is desirable. Also, a material having a thick- 
ness of 1 mm or less is preferable. A material which is deformed or gives rise to shrinkage during the heating step, is 
unable to give a flat surface- A material of more than 1 mm in thickness allows the resulting sheet material to have a 
large weight or volume, reducing workability. As the heat-resistant finer, there can be mentioned fbers of cotton, poly- 
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estBr, nylon, polyaroide. carbon, glass, mate], etc. Of these, a glass ftoer is particularly preferable In view of the worka- 
bility and properties. 

The thin metal film used as the third layer is a planar substrate for supporting the toamable cornposition. The thin 
metal film is to endow the composition with improved workabflrty (e.g. easier coating, easier transportion, easier attach- 

a Ing to metal panel) ana to allow me foamed panel to have increased surface strength and increased barrier property. 
Hence the think metal film is desired to have properties such as rigidity, no expansion had no shrinkage, flexibility, light- 
weightness and the like. As such, there can be used metal foils of 50 pm or less in thickness, for exanple, foils of alu- 
minum, stainless steel, zinc, tin, nickel, copper, Iron, eta Of these, aluminum foil is particularly preferable in view of the 
lightweightness. ductility and economy, When the thickness of the thin metal film is larger than 50 jun, the resulting 

10 sheet material has a targe weight and k*v flexibility, and therefore does not well fit to curved surfaces, making ft difficult 
to obtain a foamed material of uniform thickness. 

When the foamable composrHon fs a liquid, the panel-reinforcing sheet material of the present invention can be pro- 
duced by, for example, (1} a method which comprises coating said foamable composition directly on a f fcer-mad© doth 
or on the cloth side of a laminate of a fiber-made cfoth and a thin metai film and then heating the resulting material at a 

is temperature lower than the decomposition temperature of a blowing agent contained in the foamabfe cornposhJon, to 
give rise to solidification, or (2) a method which comprises continuously heating said foamable composition on a release 
paper or a steel belt to obtain a sheet and then attaching thereto a fibermade cloth or a fiber-made doth and a thin 
metal film to obtain a laminate. When the foamable composition is a solid, the panel-reinforcing sheet material can be 
produced by, for example. (3) a method which comprises molding the foamable composition into a film by calendering. 

bo extruBfon or the like and then attaching thereto a fiber-made cloth or a fiber-made cloth and a thin metal f Om by pressure 
or with an adhesive to obtained a laminate, or (4) a method which comprises adding an appropriate solvent to the foam- 
able composition to obtain a liquid, then coating the liquid on a fiber-made cloth or on the cloth side of a laminate of a 
fiber-made cloth and a thin metal film, and evaporating the solvent to obtain a sheet 

Of these methods, the methods (l) and (3) are preferable. The foamabfe composition may have a release paper on 

26 the Surface, as necessary. 

The thus obtained panel-reinforcing sheet material of the present invention has high elasticity and is f lexfcie. mak- 
ing easy its rolling-up, cutting and transportion. 

The vehicle outer panel structure is produced by attaching the panel-reinforcing sheet material to the back side of 
a vehicle outer panel so that the first layer (the foamable composition layer) of the sheet material contacts wrfr the back 

$o side and then heating the resulting structure to allow the sheet material to give rise to blowing and hardening. 

The foamable composition layer side of the present panel-reinforcing sheet material has self-adhesive property and 
can be easily adhered to the back side of a vehicle outer panel by simple pressing, without requiring any adhesion treat- 
ment or adhesive. This is presumed to be because the portion of the epoxy resin not absorbed by the rubber elastomer 
and/or the themoptesrjo resin during the sheeting step remains in the obtained sheet and this epoxy resin portion shows 

3s adhesion As a matter of course, it is possible to add to the foamable composition a tackrfier other than the epoxy resin, 
in order to endow the foamable composition with higher adhesion, rt is also possible to apply an adhesive to the surface 
of the sheet material or to the outer panel. As compared with the conventional case wherein a heaHnsutetirtg material 
such as foamed shaped material, felt or the like is attached with a sdf-adhesiva or an adhesive, attaching can be con- 
ducted very easily by simply press-bortdinfl a thinkf lexiWe sheet to a vehicle outer panel and, moreover, uniform ottaoh- 

49 ing of the sheet onto the whole surfaces of panels of various shapes is possible* 

The outer panel to which back side the reinforcing sheet material has been attached as above, is heated In a heat- 
ing furnace or the Dke at a temperature of about 180-220 a C whereby the sheet material gives rise to blowing and hard- 
ening and an outer panel structure of the present invention Improved in heat insulation and strength is obtained. 

The mechanism of the above blowing and hardening is presumed to be es follows when an orgarto blowing agent 

46 is used. That is. first the component (B) (rubber elastomer and/or thermoplastic resin) is meHed by heating: then, the 
wowing agent is decomposed to generate a gas. This gas generation invites blowing and foam ceil generation (i,a, for- 
mation of a foamed material); subsequently, the hardener is activated, which invites a hardening reaction of the epoxy 
resin dispersed in the composition, whereby the foamed material is hardened. Thus, the properties of the foamed mate- 
rial are influenced by the gelation rate of the component (B), the decomposition rate of the blowing agent and the hard- 

60 ening rate of the epoxy resin; therefore, the components of the foamable composition must be ejected depending ipon 
desired foam cell density and hardening degree. 

As the heating furnace used for heating the vehicle outer panel to which back side the reinforcing sheet material 
has been attached, an existing paint drying furnace is most reasonable. The paint drying furnace Is largely divided into 
three types, Le.. an electrodeposit curing furnace, a middle coat curing furnace and a top coat curmg furnace. In the 

es present Inventioa fin elactrodeposit curing furnace Is preferably used because the sheet material is attached to an 
outer panel before electrodepositioa 

The panel-reinforcing sheet material of the present Invention has excellent adhesion to oily surfaces, can be easily 
adhered to outer panels without requiring any adhesion treatment or adhesive, and gives a foamed hardened sheet 
excellent in heat (neuJatton. rigidity and heat resistance Therefore, the present Sheet material, unite conversions! 
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sheet materials using a vinyl chloride resm as a base, can be suitably used for rehtorcement of vehicle outer panels 
before eledrodepositicn, In particular. 

When the reinforcing sheet material of the present Invention te applied to vehicle outer panels before electrodepo- 
ertfon, the sheet material can be applied to many sites and its blowing and hardening can be conducted with the same 
s heat as used tor electrodeposrtton; hence, the productivity In automobile production fine can be enhanced. 

The present invention fs hereinafter described In more detail. The present Invention, however. Is by no means 
restricted by these Examples. 

The accompanying drawing, Fig. 1 , is a perspective view explaining the methods tor measuring the flexural strength 
at 1 mm deflection and the flexure] displacement at peak load of each steel plate-resin composite sample, used in 
ro Examples. 

Properties were evaluated as follows. 

(1) Adhesion to oily surface 

15 An unfdamed adhesive sheet was heated at 1 1 0°C tor 3 minutes and th a press-bonded to a steel plate at a load of 
3 kg at room temperature for 10 seconds. The resulting sample was measured tor 180*C peeling strength. 

(2) Flexural strength at 1 mm deflection 

20 A sample was measured for a load (kgf) applied when subjected to 1 mm deflection by the method shown in Fig. 
1 . In Fig. 1, 1 is a steel plate; 2 is a foamed hardened sheet and 3 Is a glass-fiber cloth. 

(3) Flexural displacement at peak toad 

£5 A sample was measured for a flexural emplacement (mm) when subjected to yielding by a toad applied, by the 
method shown In Fig. 1. 

(4) Expansion ratio 

30 was determined By dividing the thickness of toam layer by the thickness of toamable composition layer. 

Incidentally, the flexural strength at 1 mm deflection and flexural displacement at peak load of the steel plate (0.8 
mm in thickness) used were 1 .0 Hps and Z6 mm, respectively. 

The following materials were used as individual components of each toamable competition. 

55 [Acrylic paste resin] 

Zeon R-20 (a polymethyl methacrylate) manufactured by Nippon Z&on Co., Ltd., having an average particle diam- 
eter of about 1 and an average molecular weight of about 300,000. 

40 [Vinyl cWoride resin] 

Zeon 47 manufactured by Nippon Zeon Co. , Ltd. having an average particle diameter of about 1 nm and an average 
polymerization degree of about 800. 

45 [Epoxy-modified NBR (viscous liquid)] 

R-141S-1 having an epoxy equivalent of 400, manufactured by A.C.R. K_K. 

[Pfasta'cizer] 

so 

Dioctyl phthatate (TOP) manufactured by 3 an ten Kato K.K. 
[Liquid epoxy resin] 
S5 Epicoat 828 manufactured by Yuka Shell Epoxy K.K. 
[Hardener for epoxy resin] 

Dteyanitfamide manufactured by Nippon Carbide Industries, Inc. 
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[Hardening accelerator for epoxy resin] 

QR Hardener manufactured by Maruwa Biochemical K.JC 
s [Organic blowing agent] 

AZ-H manufactured by Ohteuka Chemical Co. 
[Foam cell modulator] 

10 

BAP-1 manufactured by AS AH I DENKA KDGYO K.K. 
[lowing accelerator] 
15 FL-23 manufactured by ASAHI DENKA KDGYO K.K. 
IFDIer] 

Whiton H manufactured by ShiraisN Kogyo Kaisha, Ltd. 

20 

Examples 1-7 and Comparative Examples 1*2 

Components of types and amounts shown in Table 1 were kneaded in one portion a! room temperature using a 
planetary mixer, to prepare faamable compositions. Each composrtfcn was coated on a glass-ftoer cloth of 300 um in 
26 thickness, in a thickness of 1 .0 mm using a knife coaler. The resulting material was heated for 3 minutes In a circulating 
hot air oven of 11 Q°C to prepare unfoamed adhesive sheets (pajieln-eintorang sheet materials). 

Each of the unfoamed adhesive sheets was press-bonded to a steel plate with an oily surface, of 0 8 mm in thick* 
ness at a load of 3 kg for 1 0 seconds. The resulting material was heated for 30 minutes in a circulating hot air oven of 
180-C (ISCC in Comparative Example 1) io prepare steeJ plate-resin composite camples each containing a hard 
30 foamed sheet with a glassier cloth. 

The sizes of the eteel plate and the unfoamed adhesive sheets were all 150 mm x 25 mm. 
The unfoamed adhesive sheets were measured for adhesion to oily surface, and the steel plate-resin composite 
samples were measured for various properties. The results are shown in Table 1 . 
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As is deaf from Table 1 . the panel-reinforcing sheet materials (the unfbamed adhesive sheets) of the present inven- 
tion have excellent adhesion to ofly surfaces, and the vehicle outer panel structures (the steel plate-resin composes) 
obtained therefrom are good in an of f lexuraj strength ai 1 mm deflection, flaxural displacement at peak load, thermal 
conductivity expansion ratio and foam cell condition. 
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Claims 

1 . A panel-relnfbrcino sheet material having a two-layered structure consisting of a first layer and a second layer, the 
first layer consisting of a foamable composition comprising, as essentia] components, (A) an epoxy resin, (B) at 

s least one substance selected from a butacfiene-acrylonitnle rubber or a carboxyi- or epoxy modified butaclene- 
acryionitrne rubber Insoluble in the epoxy resin at room temperature but misbbfe with the epoxy resin at tempera- 
tures of 60 to 1 50 P C to form a dispersion and a halogen-free powdery thermoplastic resin of 1 50 am or less in aver- 
age particle diameter insoluble in the epoxy resin at room temperature but miscfole with the epoxy resin at 
temperatures of 80 to 150°C to form a dispersion, (C) a pfasttewer, (D) a h^h^empenature-decomposWon type 

io blowing agent and (E) a heat-activation type hardener for epoxy resin, the component (AVcomponent (B) weight 
ratio being 0.2 to 5.0. and thB second layer consisting of a fiber-made doth. 

2. The panel-reinforcing sheet material of claim 1 characterized by an additional third layer consisting of a thin metal 
film of SO um or less in thickness. 

1$ 

3. Use of the panel-reinforcing sheet material o^ 
Palemanspruche 

1. PlattenversHrkendes Blattmaterial mit zweischichtiger Stroktur, bestehertd aus einer ersten Schicht und einer 
zwerten Schicht wobel die erste Schicht aus einer verschaumbaren Masse besteht die ate wesentliche Kbrrpo- 
nentert (A) ein Epoxyharz, (B) mhxteslens eine Substanz, ausgewahlt aus einem Butadlen-AcrylrttriJ-KautecriJk 
oder einem Carboxyi- Oder Epoxy-modifiziertan Butadien-Acrylnitril-Kaufechuk, der in dem Epoxyharz bei Raunv 
temperatur uniosltch 1st. aoer mit dem Epoxyharz bei Temperaturen von 80 bis 1 50°C urtter Bildung einer Disper- 
sion mischbar ist und einem hatogenfreien pulverformigen thermoplaetiechen Harz mit einem m&tleren 
Teilchendurchmesser von 150 um Oder weniger, das in dem Epoxyharz bei Raumternperatur unfoslich ist, aber mit 
dem Epoxyharz bei Temperaturen von 80 bis 150°C unter. Biidung einer Dispersion mischbar Ist, (C) einen Wefch- 
macher. (D) ein Treibmrttel vom Hocrrtenpera^^en3etzung8-"TVp und (E) elnen Harter vom Hrtzeakflvierunge-Typ 
fur das Epoxyharz anthalt, wobel das Gewichtsvertialtnis Kbmppnente (A)/Komponflnte (B) 0,2 bis 5.0 betrfigt. und 
wobei die zwarte Schicht aus einem aus Fasem hergesteitten Gewebe besteht 

2. Platienveretarkendes Blattmaterial nach Anspruch 1 , dadurcti gekennzeJchnet, daQ es eine zusatzEcha dritte 
Schicht, bestehertd aus einem dunnen Metal tfilm mit einer Dick* von 50 um Oder weniger, aufwetet 

ft 3. Verwendung das ptattenverstarkenden Blattmaterlals nach Anspruch 1 Oder Anspruch 2 zur HersteJIung von Fahr- 
zeug-AuSerplattenstruktiren. 

Revendfcatlons 

1 . Matiere de feuffle pour r enforcer des panneaux possddam une structure Di-coucne qui consiste en tine premiere at 
en une eeconde couche. la premiere cnuche etant faHe dune composition expansible compranant essentlelle- 
ment (A) una resine epoxy, (B) au moins lime des substances suhrantes, a savoir soft du caoutchouc butadiene- 
acrytonftrlle ou au caoutchouc butfld ane-acrylonitrile modttle par carboxyi- ou par epoxy, Insoluble dans la resine 
epoxy a la temperature ambianta mate mfscible avec la resine epoxy a dee temperatures comprises antra 80 et 
150° de teoon a former une dispersion, soil une resine Ihermoplastique pulverulertte, sans halogene, dont les par- 
ticulBs ont un drarnetre moyen de 150 um tout au plus, insoluble dans la resine epoxy a la temperature ambiante. 
maJs miscible avec la resine epoxy a des temperatures comprises entre 80 et ISO 0 de fagon a former une disper- 
sion, (C) un rxastrf iant, (D) un agent porogene qui se decompose a haute temperature, et (E) un duroteseur pour 
resine epoxy activate par la chaleur, la rapport de poids entre les composants (A) et (B) etant cornpris entre 0.2 
et 5,0, et la eeconde couche etant constrtuee par un tissu en fibres. 

2. Matiere de feuilfe pour renforoer des panneaux selon la revendication 1 , caraxierisee en ce qu'elle comprend une 
troisidme couche <aHe d'un film metalljque mince, epate de 50 um tout au plus. 

55 3. Utilisation de la matiere de feuille pour renfarcer des panneaux selon les revendicatlons 1 ou 2, pour preparer la 
structure de panneaux ext ernes de vehfcules. 
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FIG. I 
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